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Abstract 
Communication of electronic peripheral components which often undergo a changing process within the car environment is 
a great challenge during the late phases of automotive projects. The challenge derives from the varying communication 
protocols and releases of new gadgets which have to connect to the electronic components of the car. Integrating new 
peripheral equipment into the car’s environment, like new telephones, while having to stick to the agreed project 
milestones, will lead to contradictory discussions between the clients and suppliers regarding implementation of the new 
protocols. This paper analyzes and identifies the constraints along the process chain and generates the possibility to create 
time buffers for implementing the new market demanded requirements. 
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1. Introduction 
The objective of this paper is to examine the correlation need of the different opinions and their holders on 
the modification of requirements in various phases of projects. The different opinion holders are in fact the 
project stakeholders. This need is a consequence of the negotiation of change requests during the late phases of 
automotive projects. The importance of specifying clearly the project requirements are proven in practice, when 
suppliers are not interested in implementing the late requirements specification. Specifying all user 
requirements at the beginning of project is almost impossible in automotive industry as the communication 
technology and protocols are changing during project implementation. As the project “is a temporary endeavor 
undertaken to create a unique product, service or result” [1], the temporary factor is the reason why the supplier 
does not want to implement late requests of the project. This attitude is caused by the client’s rigorous tracking 
of the defined milestones and implicitly the wish to comply with these milestones. On the other hand, the 
project sponsor/client is interested to implement the newest technology, as technology is advancing very fast. 
Furthermore, the paper will present the factors and constraints in an automotive project, the influences of 
external factors and also the possible solution by implementing a mathematical formula in order to solve the 
problem related to the integration of the late requirements.  
2. Theoretical description of the change management process.  
The theoretical description of the change management process will lead to a better understanding of the 
different opinions (client opposed to supplier) on the change of requirements. The requirements can change at 
every stage of the project. The changes at early phases of project have a lower risk to break the project 
milestones. The situation is different if a request for change is coming at a late phase of the project. Change 
control “is necessary because projects seldom run exactly according to the project management plan” [1]. This 
is the reason why all changes have to be analyzed before continuing with implementation, integration etc. into 
the system.  The most important analysis process for this clarification points are [1]:  
x “Managing the approved changes when and as they occur, by regulating the flow of requested changes”; 
x “Controlling and updating the scope, cost, budget, schedule and quality requirements based upon approved 
changes, by coordinating changes across the entire project”.  
By managing the approved changes and controlling the inflow of change requests, the risk of not holding the 
project deadlines can decrease, depending on the accepted change requests and their complexity. 
Particular to the theory in automotive industry, “the purpose of the change request management process is to 
ensure that change requests are managed, tracked and controlled”[2]. As described also in the general change 
process theory the change requests are the result of incomplete specifications, unclear specifications, defects 
which are caused by implementing a requirement which interferes with other requirements. 
3. Practical analysis. Problem description. Identifying the constraints. 
   In practice the situation of managing requirement changes is appreciated more dramatically. Not achieving 
the project time lines would lead to loss of money, usually on both sides (client and supplier), as the project 
will have to continue until final objectives are reached or the product will be abandoned and never released to 
the market. 
   Starting from this point, one can observe that the different views on late change requests are having the root 
cause in the risk of not reaching the project milestones. In this case the supplier is trying to not implement the 
desired changes and the project client is willing to have the most change requests implemented in order to 
release the newest product on the market. 
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 To implement a change request, there is the need to understand the whole process and the influence of one 
implementation on the entire process chain. Using the V-Cycle as a model, the highest risk of software 
development is placed on the right hand side of the model. As implementation is the root cause of bugs in 
automotive systems, the time spent on solving them might lead to the incapacity of implementing new 
requirements. The output of developer’s implementation is software code and documentation. Further, the 
modified software modules will be integrated into a unique software module. “The purpose of the software 
integration test process is to integrate the software units into larger assemblies, producing integrated software 
consistent with the software design and to test the interaction between the software items” [2]. Depending on 
the analyzed implementation risk, the software integration strategy in automotive projects can vary. There are 
mainly two types of integration strategies used in automotive industry, cascade (Fig. 1) and all-in (Fig. 2). The 
cascaded integration strategy is taking a previous software version as baseline and integrates one change after 
another into it (Fig. 1). The all-in strategy is taking all changes and integrates it in the previous software version 
(Fig. 2). 
 
                
 




Fig. 2 All-in integration strategy 
  
 From now on, the output of the process contains test reports which have the role to give a first indication 
about the quality of the built software. All test-cases which are tested not OK will be tracked via an error 
tracking system. The resulted errors will lead to another implementation cycle which will cause loss of time 
from general development time.  
The tracking of errors is a separate process, with the objective “to ensure that all discovered problems are 
identified, analyzed, managed and controlled to resolution” [2]. One of the main reasons for not holding the 
project milestones are the number of bugs which have to be fixed. This will lead to lack of resources for 
implementing new features. In practice, most companies compare the importance of bugs which have to be 
solved with the impact of the new changes on the market. Based on this, the client will decide if some supplier 
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resources can be released in order to implement the new changes. As it can be seen from the described process, 
the time needed to implement some features can consume a long time from the general project time. 
4. Results and analysis. 
 From the described theoretical and practical part of integration and software creation it can be observed that 
the most time is spent on fixing bugs. As in the most cases the contracts stipulate that the milestones have to be 
kept at the agreed quality requirements, the supplier has no interest to develop new features but to keep the 
defined milestones and implementing the agreed requirements with high quality. Opposite to the opinion of the 
supplier, the client is looking forward to implement the new requirements as the technology progress could 
disturb their position into the market. In the case of leading technology, the life cycle of products does not 
respect anymore the profile of the classic curve, this curve turned in the profile of a saw tooth. Before ending 
the phase of introducing the product on the market, the product is considered already outdated because of the 
appearance of a newer product, more advanced and efficient. The number of releases of newer products on the 
market is so high, that the producing companies are facing permanently the danger to lose their position won in 
the market. Mandatory condition, besides the performance conditions which have to be accomplished by these 
companies to maintain themselves into the competition are: 
x To develop products with high quality 
x  To find solutions to reduce the time of research and development of new types of products. 
This new framework has led to the need of studying new techniques, more efficient ones, for project 
management, talking in general about new product development projects. 
 The life cycle of high level technology has become 6 month and the future expectations are to be less than 6 
month. In the classic theory of project management one project is expected to be finished in 1.5 up to 2 years.  
In contradiction with the normal project life cycles, in the automotive industry, a complex project will last 
around 3-4 years. This means that besides the constraint of time, there will be one more constraint: the new 
technology devices which have to communicate with the automotive components. At this point the project 
management team has to identify and remove the constraints in order to implement the most important and 
needed requirements.  This will lead to an answer of the core question of this paper: how to solve and to align 
the different opinions of client and supplier about late change requests? 
The solution for time savings can be explained only after understanding the project life cycle. Based on the 
V-Cycle presented in Fig. 3, the focus will be on the 2 main issues: software implementation and integration. 
 
 
Fig. 3 Project life cycle 
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 In Fig. 3 it can be seen that the implementation phase of big automotive projects will take around 3 years. 
Every cycle will have to be accomplished in 1 week, representing the implementation of at least one new 
function or bug fixes, with the important information that the software created in one cycle is used also for 
other country variants, differentiating it via compiler switches. The integration is done in a serial way, one after 
another. This means that besides the analysis of time constraint in general, the most important time constraint is 
the integration phase (Fig. 4). If the analysis time lasts longer, this will lead to delay the integration which in 
the next cycle will cause a delay of the entire chain. 
 
 
Fig. 4 Integration strategy of different country variants 
  
 To solve this issue the paper will apply the Theory of Constraints, which says: “identify the system's 
constraints, decide how to exploit the system's constraints, subordinate everything else to the above decision, 
elevate the system's constraints” [4]. Solving the integration constraint can lead to the desired time and budget 
buffer, which can be used for implementing the new requirements generated by the market demands. 
 As a precondition, every delivery cycle is seen as a whole, any delay caused by an instance of the model will 
cause automatically a delay of the delivery timeline. This paper managed to identify the constraint of the model 
as the integration part because a delayed pre-delivery to it will generate automatically a delay of the 
deliverables. 
 In order to apply Goldratt’s theory, the constraint for integration has to be calculated in order to decide if a 
release is worth to be done or not. In case that a release is not worth to be done, then the next delivery can be 
made, as there is no interdependency between them. For this the following integration relevant variables are 
used: 
x Monetary Units paid per hour for every resource at supplier (s.M.U). 
x Monetary Units paid per hour for every resource at client (c.M.U). 
x Number of Resources needed at supplier for solving the constraint (s.R.N). 
x time needed for integration at supplier (s.t). 
x time needed for testing on client side (c.t). 
x number of resources used at client planned for testing(c.T). 
x monetary units needed for Preparing the different tests at client (c.P). 
 
   
                                   (1) 
  
                   
The report gives an indication for the whole project if a delivery has to be made. The importance of this 
report to other model phases is not relevant as the only phase which is influenced by delays is the integration 
team. As an example, if a delay is caused in the implementation phase then there will be a general delay which 
is propagated into the model. But because the intersection between cyclic deliveries are on integration level, 
only the integration will have to double the effort and capacity in order to elevate the constraint on integration 
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side. As this cannot be considered a realistic task, it emerged the need to identify a possibility how to exploit 
and subordinate every phase to the constraint.  
Equation (1) presents the factors which have to be taken into consideration given the necessity of deliveries. If 
the result of equation (1) is less than 1 then the costs on the supplier side will exceed the benefit of the project. 
With regard to the duration of the project and the multitude of cycles, this paper resolves the time constraint by 
calculating the benefit of the project by trying to release the product every week. The time saved using this 
formula will give the project the necessary time to implement the market requirements. Furthermore in this 
paper we will present a practical example of how this formula works. In the first case the client has planned a 
complete test session while in the second case the supplier has planned only an entry test. Table 1 lists the 
example for both cases. As it can be observed, in case of problems at the supplier side and low test planning on 
client side, the decision taken based on the Formula (1) will achieve time savings for the project. The saved 
time for every country variant for one cycle is 1.5 days. The more global view on the project which usually last 
over three years, gives the right perspective about the savings. At the end, if the implementation of bug fixes on 
the supplier side appears every 4 weeks, than the total time savings of the project will be 12*1.5=18 days, every 
year. In this case the time given to the supplier will help to reach a common understanding while negotiating 
the changes in a late phase of the project.  
 
 
Table 1. Test result table. 
Project Variables Case A  Case B 
c.T 43 3 
c.M.U 80 80 
c.t 80 16 
c.P 1000 0 
s.R.N 10 10 
s.M.U 100 100 
s.t 16 16 
P 17,26 0,24 
 
 If the two main constraints (time and the need of new technology) are not evaluated carefully, both will lead 
to loss of money or in extreme situation to loss of business.  
According to the analysis above, the main discrepancies are caused by the strict project milestones and poor 
communication. Solving the communication issues by applying the above formula in a transparent way, would 
help the supplier and the client to work as a team, and therefore lead to an easier negotiation of new changes 
required by the market.  
5. Conclusion 
   The increased pressure of new market demands regarding new gadgets, which have to be connected to the 
infrastructure of the car and the tight project milestones guided us to the analysis of the project life cycle. From 
there we analyzed the constraints which cause difficulties in negotiating the new project requirements. We took 
the V model used in software implementation and identified the constraints by analyzing some automotive 
projects using Goldratt's method described in [4]. The paper identified the time and budget problems which 
occur when trying to implement new requirements. Afterward we managed to develop the method/equation (1) 
which identifies when a delay has to be recovered and if a release is worth to be done in order to save time and 
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budget. This report will create a buffer, which will then be used in automotive projects in order to implement 
new requirements. By requirements we mean here requirements which cannot be specified at the beginning of 
the project. Reducing our analysis to a single phrase, we managed to identify, based on the analysis of a project 
life cycle, the possibility to gain buffer time, which will then be used during the negotiation of new 
requirements in a late phase of the project. Further work will be to identify a formula in order to detect the 
dimension of buffers. 
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